Our species is routinely depicted as unique in its ability to achieve cooperation, whereas our closest relative, the chimpanzee (Pan troglodytes), is often characterized as overly competitive. Human cooperation is assisted by the cost attached to competitive tendencies through enforcement mechanisms, such as punishment and partner choice. To examine if chimpanzees possess the same ability to mitigate competition, we set up a cooperative task in the presence of the entire group of 11 adults, which required two or three individuals to pull jointly to receive rewards. This opengroup set-up provided ample opportunity for competition (e.g., freeloading, displacements) and aggression. Despite this unique set-up and initial competitiveness, cooperation prevailed in the end, being at least five times as common as competition. The chimpanzees performed 3,565 cooperative acts while using a variety of enforcement mechanisms to overcome competition and freeloading, as measured by (attempted) thefts of rewards. These mechanisms included direct protest by the target, third-party punishment in which dominant individuals intervened against freeloaders, and partner choice. There was a marked difference between freeloading and displacement; freeloading tended to elicit withdrawal and third-party interventions, whereas displacements were met with a higher rate of direct retaliation. Humans have shown similar responses in controlled experiments, suggesting shared mechanisms across the primates to mitigate competition for the sake of cooperation.
Pan troglodytes | freeloading | enforcement | punishment | partner choice C ompetition undermines joint efforts, even among relatives (1) (2) (3) (4) (5) ; therefore, its control is fundamental to the evolution and maintenance of cooperative relationships (6) . Humans are considered exceptional in their capacity to favor cooperation over competition (7) , and several alternative hypotheses have been proposed to explain how humans evolved to become uniquely cooperative (7) (8) (9) (10) . Human cooperation has been called a "huge anomaly" in the animal kingdom (7) , whereas our closest relative, the chimpanzee, is used as a foil marked by limited cooperation, lacking in shared intentionality (11) , and cognitively more adapted to competition than cooperation (12) . These claims are curious, given how our best theories about cooperation derive from animal behavior and ultimately launched the evolutionary study of human behavior (e.g., ref. 13). It seems more parsimonious to assume that all cooperation, both human and animal, rests on fundamentally similar principles, including the need to mitigate competition and communicate shared goals (9) . Our focus here is on the former principle.
Numerous enforcement mechanisms have been proposed to reduce competition in the context of cooperation, with punishment being granted the most attention (9) . The use of enforcement mechanisms in response to competition suggests that competition is in violation of cooperative norms (14) . In the laboratory, humans respond more cooperatively when punishment is allowed (15) , and even the mere threat of punishment maintains high levels of cooperation (16) . In many experiments, an uninvolved third party will punish a freeloader, at a cost to themselves, a phenomenon known as costly (or altruistic) punishment (15) (16) (17) . Claims of ubiquity and human uniqueness in the use of punishment may have been overstated (9) , however, because evidence of these strategies in field and cross-cultural studies of humans has been mixed (18) . Punishment in cooperative contexts appears to depend on the scale of the society (19) and the possibility of retribution (20) , whereas alternative enforcement mechanisms, such as partner choice, may be equally important for maintaining cooperation (21) (22) (23) . In theoretical models, partner choice based on simple reinforcement, choosing the partner who has benefited you in the past, can lead to a cooperative equilibrium faster than if partner choice is not allowed (24) . Partner choice, however, is hardly a uniquely human phenomenon (25, 26) . This and various other enforcement strategies have been observed in species ranging from bacteria to vertebrates (reviewed in refs. 27 and 28). For example, legume plants sanction (punish) bacteria that do not fix nitrogen by decreasing the supply of oxygen to those bacteria (29) , and client fish chase the much smaller cleaner wrasses, as soon as they cheat by taking a bite of skin, threatening the ultimate punishment (ingestion) (30) .
Humans show flexible, facultative enforcement strategies adjusted to the context, the intention or motivation of the cheater, the availability of alternative strategies, and the scope of competition (23, 31) . For example, humans only avoid partners that freeload if those partners cheated intentionally (32) . As one of humans' closest relatives, chimpanzees are excellent candidates for examining the potential for facultative enforcement outside of our species. Chimpanzees have gained the reputation of being overly competitive and violent, even though much of this reputation derives from intergroup encounters that, as in our own species, often turn violent (33) (34) (35) . Moreover, because intergroup Significance Competitive tendencies may make it hard for members of a group to cooperate with each other. Humans use many different "enforcement" strategies to keep competition in check and favor cooperation. To test whether one of our closest relatives uses similar strategies, we gave a group of chimpanzees a cooperative problem that required joint action by two or three individuals. The open-group set-up allowed the chimpanzees a choice between cooperation and competitive behavior like freeloading. The chimpanzees used a combination of partner choice and punishment of competitive individuals to reduce competition. In the end, cooperation won. Our results suggest that the roots of human cooperation are shared with other primates.
aggressive raids are often conducted jointly (36, 37) , they hardly count as an argument against the cooperative nature of chimpanzees. Nevertheless, in most laboratory experiments on chimpanzees, cooperation has been rather limited, often severely constrained by competition and intolerance (2, 3, 38) . Indeed, in one study cooperation failed to emerge without the experimenter "engineering" tolerant partnerships (3) . Rather than viewing this as a failure to overcome competition, however, we find that chimpanzees in these restricted settings may not have had adequate opportunities to use appropriate enforcement strategies. Although a couple of studies have investigated the use of punishment (39, 40) , there exist many other enforcement options to effectively mitigate competition. The natural behavior of chimpanzees is marked by highly cooperative behavior, such as complex group hunting with role division (41) (42) (43) , territorial defense (36, 37) , and "political" alliances during male power struggles (37, (44) (45) (46) . Furthermore, patterns of decisionmaking during conflicts of interest in wild chimpanzees suggest that the potential for future cooperation limits competitive encounters (47) . Given these observations, we expect this species to be capable of overcoming competition in favor of cooperation.
Carefully controlled laboratory environments, usually limited to pairs of chimpanzees, may actually curtail this species' natural cooperative tendencies. This is why the present study has taken a different approach. Instead of bringing two or three apes together in a prearranged setting, we mimicked natural conditions by providing them with an open choice to select cooperation partners, plenty of ways to compete, but also to apply enforcement mechanisms in a flexible, facultative way. The set-up loosely mimicked a two-or three-person Stag Hunt game (48) . In the Stag Hunt game individuals can choose to act individually for a smaller reward (analogous to individually hunting a hare) or cooperate for a larger reward (a stag). Competition results from acting on individual interests and likely results in fewer rewards than the adoption of a cooperative position at the apparatus. It is important to note that in the Stag Hunt game either all stag (cooperation) or all hare (individual interests) are equilibria. Although past experiments suggest that the equilibrium for chimpanzees is competition, or the hare response that favors individual interests over cooperation (2, 3, 38) , the present study asks if this outcome is a result of the nature of chimpanzees or to the restrictions of traditional experimental settings.
A group of 11 chimpanzees was given a chance to pull cooperatively at an apparatus to obtain rewards. In half of the test sessions joint action by two chimpanzees was required to succeed, and in the other half joint action by three chimpanzees was required, increasing the difficulty of the task and adding complexity to the choice of partners. The chimpanzees were not trained on the task, but rather had to learn about the role of their partners through experience (see ref. 49 for more information about the task and a discussion of the rapid learning process). All testing took place in the open group in which the apes were free to choose their own partners. This set-up allowed ample opportunities for competition ( Fig. 1 ). Dominant individuals could claim spots at the apparatus (i.e., through displacements), and bystanders could steal the food procured by the "workers" (i.e., freeloading).
We analyzed 94 h of video filmed during the cooperative task. The experiment took place in 1-h test sessions, occurring two to three times per week. During these sessions the chimpanzees could pull jointly at the apparatus to receive a reward, which is referred to as a successful cooperative act. Immediately following success, the apparatus was rebaited to allow them to try again. They could continue for as many successful joint pulls as possible within the 1-h test session. Throughout the test session the chimpanzees were free to approach or leave the apparatus and engage in competitive acts, like freeloading, displacement, and agonism.
Across the 94 test sessions, there were 3,656 successful cooperative acts and thousands of opportunities for competition. A previous analysis of a different subset of the data focused on the apes' understanding of the task contingencies and how they selected partners with which to work (49) , but this analysis ignored how they avoided or reduced competition when cooperating. Here we examine the latter strategies used in situ. If it is true that chimpanzees lack the enforcement mechanisms to mitigate competition without experimenter interference, the whole experiment should have dissolved into one bickering colony of apes. If, on the other hand, chimpanzees are natural team workers, as suggested by naturalistic observations, they should successfully cooperate in this environment.
Next, we compared this well-established group of chimpanzees with a newly formed one of 15 individuals. Specifically, we replicated the first 28 1-h test sessions (phase 1; see ref. 49) , which was the number of sessions required to establish cooperation in the original group. The new group differed from our original study group in that they were engaged in a high level of competition outside the direct experimental context, because they were still competing on a daily basis for rank positions in the group. Regular observations outside the experimental sessions revealed a three-times higher rate of agonism compared with the first group. Furthermore, there were 10 rank reversals during this time in the new group, compared with zero in the original group. Thus, the global amount of competition in the second group was much higher, but the opportunities for competition (displacements and freeloading) in the experimental context remained the same. Given the importance of tolerance in establishing cooperation, a competitive group climate might negatively impact cooperation (50, 51) . On the other hand, if chimpanzees are highly motivated to overcome competition and favor cooperation, we would expect the same strategies to mitigate competition related to the task in the newly formed group so that cooperation emerges regardless of group-level tensions.
Results
Overall Cooperation. Despite more than 600 competitive interactions (freeloading, displacement, or agonism), the overall rate of cooperation was quite high, with the chimpanzees achieving 3,565 cooperative acts in 94 h (an average of one cooperative act every 1.54 min). A cooperative act was defined as a joint pull between two or three individuals at the apparatus that resulted in reward delivery. We created a "cooperation index" for each session by subtracting the number of competitive interactions from the number of cooperative interactions divided by the sum of both frequencies. This index can range from −1 (highly competitive) to +1 (highly cooperative). Across the 94 test sessions, the index significantly increased (Spearman's ρ = 0.68, P = 0.001), showing that by the end of the experiment the chimpanzees had converged upon cooperation as their primary mode of interaction As Fig. 2 illustrates, the colony started out rather cooperatively, then became more and more competitive as the number of participants in the task increased for about 25 sessions. The chimpanzees soon left this competitive phase behind, however, growing ever more cooperative, reaching close to a +1 index by the end of the study. Overall, only 16.0% of sessions showed a negative cooperation index. At the individual level, only one individual had a negative cooperation index overall. This individual was Mai, an almost blind female of 48 y old, who never solved the cooperative task but freeloaded regularly, making for an index of −1. The other 10 group members, however, had an overall positive cooperation index ranging from 0.64 to 0.97.
Freeloading. A freeloading event occurred when an individual tried to take food from a spot at which he or she did not pull at the apparatus. In the original group, we counted 175 freeloading attempts (2.1% of total rewards), 91 of which were successful (1.1% of total rewards). The success rate for freeloading (successes/attempts: 62.6%) was significantly higher than for cooperative pulling (44.0%) in a within-subject comparison (Wilcoxon signed-rank test: z = −2.13, n = 11, P = 0.03, two-tailed).
Each chimpanzee attempted to freeload at least twice (mean per individual, mean ± SD: 15.90 ± 16.03) and succeeded at least twice (mean ± SD: 8.27 ± 8.42). Both attempts and successful freeloading are considered "freeloading events" throughout. In 28.0% of freeloading events, there was no response from either the freeloader or the worker and the next trial proceeded as usual. In the remaining freeloading events, the chimpanzees used one or more enforcement mechanisms. A within-subjects Wilcoxon signed-rank test revealed that the chimpanzees were more likely to respond to a successful theft than a failed attempt (z = 2.20, P = 0.03) ( Fig. 3) . Specific enforcement strategies are discussed below and in Fig. 3 . Costs of these strategies to the freeloader and the worker are described in Table 1 . Agonism and protest. Workers protested by whimpering, pouting, screaming, or displaying a silent bared-teeth expression in 12.6% of freeloading events. Aggression, ranging from threats to hitting, biting, or grabbing, followed 9.7% of freeloading events, and was of relatively low intensity (noncontact; e.g., threats, swaying, bluffing). Freeloaders were significantly more likely to exhibit aggression than the targets of their freeloading (binomial, P = 0.02). Third-party punishment. Third-party outsiders intervened 14 times (8.0% of freeloading events), primarily responding to aggression between the freeloader and the worker (12 instances), with the remaining two times in response to protest. Four of these interventions were impartial, typical of policing among chimpanzees (44, 52) . Nine of 10 partial interventions were in favor of the freeloading victim (binomial test: P = 0.005), with actions ranging from threatening or chasing off the freeloader to mild contact aggression (e.g., hitting). There were also four cases of consolation (where a third-party provided affiliative contact to a distressed party), all of which were in favor of the freeloading victim. Partner choice. A previously reported generalized linear mixedmodel revealed that the chimpanzees relatively often approached partners who were kin or close in rank to themselves [dyadic sessions: Akaike Information Criterion (AIC) = 601.44, χ 2 = 9.68, df = 0, P < 0.001; triadic sessions: AIC = 1199.22, χ 2 = 4.12, df = 0, P < 0.001; 49]. Thus, the chimpanzees tended not to approach individuals who were much higher ranking than themselves unless they were relatives. Because chimpanzees with a greater dominance advantage over their intended victim were more likely to engage in freeloading (rank distance between freeloader and targeted worker correlated with freeloading rate: Spearman's ρ = 0.25, n = 90 dyads, P = 0.004), the tendency to seek cooperation with similarly ranked partners may have helped deter freeloading. Additionally, two strategies emerged that allowed workers to avoid freeloaders following freeloading events. Workers withdrew following 24.6% of events, and stopped pulling until the freeloader moved away after 20.0% of events. Freeloaders withdrew following 13.7% of events, allowing the worker to continue working at the apparatus without threat of further interaction. An 
Frequency of response
Attempted theft Successful theft Fig. 3 . Absolute frequencies of responses to successful and attempted thefts during all sessions. The chimpanzees were more likely to behaviorally respond to successful thefts, whereas they showed "no response" mostly when the freeloader was unsuccessful at actually obtaining the food.
examination of time spent at the apparatus alone further emphasizes the role of avoidance. Mai, the one chimpanzee with a highly negative cooperation index, was alone 37.73% of the time.
In contrast, the other individuals in the group spent between 12.57% and 29.55% of their time at the apparatus alone.
Displacements. Displacements occurred more frequently and had a higher success rate (87.2% of attempts were successful) than freeloading (Wilcoxon signed-rank test by individual: z = 2.52, P = 0.01). Of displacements, 15.5% escalated into agonism (compared with 9.7% of freeloading) ( Table 2) . Chimpanzees tended to displace those lower in rank than themselves, and this tendency was greater the greater the rank distance between the two individuals (Spearman's ρ = 0.31, n = 90 dyads, P < 0.001). Unlike responses to freeloading, the target of a displacement was more likely to attack the initiator (39 of 53 occurrences, binomial test: P = 0.002). Bystanders intervened in 6.3% of events, always partially but without a consistent preference. The initiator of a displacement was as likely to receive support as its target (10 vs. 11 occurrences). In contrast, consolation was significantly more likely to favor the target of the displacement than the initiator (binomial, P = 0.009).
Cooperation Within a Newly Formed Group. To test whether global levels of competition within a chimpanzee group affect the ability to establish and maintain cooperation, we replicated the first 28 sessions (phase 1) (49) with a newly established group. For comparison purposes, only the first 28 sessions in the original group are considered in this section. During the test sessions, the new group exhibited nearly three-times more agonism than the original group across all test sessions (Wilcoxon signed-rank comparison of the two groups by session: z = 2.91, n = 28, P = 0.004). However, the proportion of escalated (contact) aggression was similar for both groups (χ 2 = 2.15, df = 1, P = 0.142). Despite frequent agonism overall, the new group was highly successful at cooperation, achieving 1,017 cooperative acts (approximately one cooperative act per every 1.62 min) compared with 765 by the original group in the same number of sessions. This high level of participation in the cooperative task offered many opportunities for competition. There were significantly more displacements in the original group than in the new group (binomial, P = 0.02) but the rate of freeloading did not differ (binomial, P = 0.13). Responses were similar across both groups.
In the new group, displacements escalated into agonism more frequently than freeloading (13.2% vs. 5.8% of events). The same suite of behavioral responses to freeloading was observed (protest: 11.8%; target withdraw: 17.6%; initiator withdraw: 17.6%) ( Fig. 4) . Third parties intervened on five occasions (14.7%). Three of these occasions provided consolation or support to the target, two to the initiator. The only case of agonistic support was directed against the initiator of freeloading. Both groups responded similarly to competitive acts; a 2 × 5 contingency test of the response categories (i.e., protest, agonism, target withdraw, initiator withdraw, and bystander involvement) showed no significant frequency differences between both groups (χ 2 = 2.33, df = 4, P = 0.68).
Discussion
This study's main outcome is that chimpanzees have absolutely no problem mitigating competition during a cooperative task: by the end of the experiment, cooperation prevailed. The chimpanzees cooperated almost nonstop, resulting in 3,656 cooperative acts in the first study. This result contrasts with earlier findings that chimpanzees are only able to cooperate in experimental environments orchestrated to minimize competition and maximize tolerance (2, 3). One possible explanation of the discrepancy with previous research is that we conducted many more sessions than in typical experiments. It is clear from the data that a cooperative equilibrium takes time to be achieved. Another possible explanation is, of course, the open-group setting of our experiment and options to enforce cooperation. Both differences bring our experiment closer to the conditions found in the natural habitat of chimpanzees.
Without interference from the experimenters, our chimpanzees exhibited approximately five cooperative acts for every one instance of competition, whereas a second group exhibited six cooperative acts for every competitive interaction. The "balance theory" of human relationships stipulates that stable relationships are typically characterized by a ratio of five positive acts for every one negative act (53, 54) . For example, in a longitudinal study, couples who did not have at least a ratio of 5.0 for positive to negative interactions were more likely to get divorced (54) . This theory stresses that it is not necessary to eliminate all conflict; rather, it is the balance between the two that is important. It is interesting that both groups of chimpanzees naturally There was no significant difference in the rates of freeloading or the suite of responses to freeloading between both groups. achieved a similar balance, which led to a high degree of cooperative behavior.
In the context of the Stag Hunt game (see introductory paragraphs), it seems that the equilibrium that chimpanzees achieve may depend on the environment of the experiment (48) . An analysis of cooperation in the original group revealed that there was initially an increase in competition as more and more individuals developed an understanding of the task (thus increasing opportunities for freeloading and displacements), followed by a sharp rise in cooperation during the second half of the experiment. Furthermore, the results suggest that it required more effort to cooperate rather than compete (as measured by attempts relative to successes). So, participating in a cooperative manner signaled a willingness to invest that effort to get rewards. This result also suggests that although the experiment was set up to test cooperation, competition easily arose within the experiment. Thus, although competition had the potential to thwart cooperation, over time the chimpanzees converged on cooperation as their primary strategy.
The chimpanzees used a variety of enforcement strategies, each of which had costs and benefits to the target (Fig. 3) . These strategies included: (i) direct deterrence (i.e., agonism or protest), (ii) third-party punishment, and (iii) partner choice, which was the primary response of the targets. Our earlier research demonstrated that chimpanzees are more likely to approach individuals close in rank to themselves at the apparatus (49) . Our current results suggest that rank advantage played a role in both displacements and freeloading, indicating that the chimpanzees may have been pre-emptively avoiding competition by avoiding distantly ranked individuals altogether. Once freeloading occurred, the chimpanzees had two choices to avoid future freeloading: withdrawal or withholding of pulling. Withdrawal may have specifically been playing a role in avoiding Mai, a chimpanzee who exclusively freeloaded and did not cooperate. She was left at the apparatus alone more frequently than everyone else in the group. Withholding of pulling allowed chimpanzees to maintain possession of their position at the apparatus (thus ensuring future rewards) without falling victim to further freeloading. Withholding of pulling occurred at a much lower rate, probably because of its short-term opportunity cost. If a chimpanzee does not proactively avoid a competitive individual by choosing not to work with them (partner choice), both withdrawal and withholding of pulling are alternatives to avoid allowing other individuals reap benefits for free (9) .
Although relatively rare, third-party interventions were mainly directed against freeloaders, but not displacers. Third-party punishment of freeloaders and uncooperative partners is sometimes considered uniquely human (15) (16) (17) . However, we observed a modest number of aggressive interventions aimed specifically at freeloaders. For example, a freeloader grabbed the target and began hitting her while attempting to pin her to the ground. Four chimpanzees intervened: one female impartially tried to get in between the two contestants; the other three bystanders, including the alpha male, directed aggression against the cheater. This aggression included threats, bluffing, and hitting. The fight was finally broken up with the alpha male charging through and hitting the freeloader on the head. Although intervening in a fight is qualitatively different from humans paying to punish freeloaders in economic experiments and was a relatively rare response in the present experiment, the pattern of favoring the victim of the theft is suggestive of group-enforced social norms against freeloading (14) . Indeed, the dissimilar responses to displacements and freeloading may reflect different social norms regulating these two types of competition. Displacement is a common expression of dominance, so it may be that chimpanzees tolerate displacement but not freeloading.
Finally, significant differences in the overall level of competition across the two groups did not compromise the ability of the chimpanzees to establish and maintain cooperation. Responses to competition during the task remained remarkably similar across both groups, despite one group being very well established and the other being newly formed. Overall, our findings contrast sharply with reports of high levels of competition, low levels of tolerance, and harassment-induced food transfers among chimpanzees (38, 55) . Given that in previous studies chimpanzees did not have a free choice of partners, it may be that partner choice is an essential mechanism that is preferred over punishment to enhance cooperation (23, 56) . This theory is consistent with evidence that other species prefer withdrawal over punishment as an enforcement mechanism (30), and both theoretical and empirical evidence favoring partner choice over punishment in humans (1, 9, (21) (22) (23) 56) . The chimpanzees' preference for cooperation during this study demonstrates their ability to inhibit competition to increase long-term payoffs. For chimpanzees, like humans, the flexible use of a variety of responses, including bystander interventions, exerts costs on competition to incentivize cooperation.
Materials and Methods
Subjects. The videos analyzed in this study were of two groups of chimpanzees living in social groups at the Field Station of the Yerkes National Primate Research Center (YNPRC) of Emory University. Group one consisted of 1 male and 11 females and had been together for more than 20 y. Group two consisted of 3 males and 12 females and was formed from small subgroups introduced 3 mo before the start of testing. Testing occurred in the outdoor compound (SI Materials and Methods) with the entire group present. During testing, subjects had access to the indoor sleeping quarters. All procedures were approved by Emory University's Institutional Animal Care and Use Committee, protocol #YER-2000180-53114GA, before the commencement of the study. The YNPRC is fully accredited by the Association for Assessment and Accreditation of Laboratory Animal Care.
Apparatus. The apparatus required one chimpanzee to remove a barrier in order for another chimpanzee to simultaneously pull in a tray baited with food (see ref. 49) . Following the establishment of dyadic cooperation, a second barrier was added requiring three individuals to work together (SI Materials and Methods). Food rewards were one small piece of fruit per success. At any time, bystander chimpanzees were free to attempt to take the rewards from participants.
Behavioral Coding and Interrater Reliability. Each trial was videotaped from two angles (a side and front view) using high-definition digital video cameras. Which chimpanzees solved the task successfully and which received rewards was confirmed from video. When an individual tried to take food from a spot at which he or she did not pull (e.g., freeloading), we recorded the behavior of the freeloader (the thief), the worker (the victim), and any bystanders involved in the event. We also recorded displacements when one individual was present at the apparatus and another individual took possession of the bar. Additionally we recorded all occurrences of agonism. A full ethogram can be found in SI Materials and Methods. As per the field standard, a second rater blind to the intention of the study coded 10% (∼9 h) of the videos, encompassing 398 cooperative acts. Interrater reliability was excellent for all behavioral measures (Cohen's κ for occurrence of cooperative acts: κ = 1.0; occurrence of competition: κ = 1.0; attempts versus successes: κ = 1.0; nonagonistic responses: κ = 1.0; aggression: κ = 0.80; bystander behavior: κ = 0.88; displacements: κ = 0.88). Raw data files are available upon request. Whereas video footage is not for distribution, it can be made accessible through arrangement with the authors.
Analyses. Nonparametric statistics were used because the data were not normally distributed. Because there was interdependence between dyads for the dyadic analyses (e.g., rank difference, kinship, and affiliation), the data were subjected to 10,000 permutations to obtain an exact P value. All analyses were run using SPSS 20.0 (IBM) and R statistical software (2012).
